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            Key Points

                	
                  Light is perceived by plants through distinct families of photoreceptors and affects multiple developmental processes, including seedling photomorphogenesis, seed germination and the shade-avoidance and photoperiod responses.

                
	
                  Plants have evolved intricate light-regulated transcriptional networks that mediate these developmental changes. Recent genetic and genomic studies have greatly expanded our understanding of the components and hierarchy of these sophisticated networks.

                
	
                  Through genetic and molecular approaches, many key downstream regulators in the network have been identified. A large proportion of them are transcription factors, some of which have a role in mediating the response to a wide range of light signals, and are therefore potential integration points for light-quality-specific signals.

                
	
                  Genomic studies indicate massive reprogramming of the plant transcriptome by light; for example, at least 20% of the genome in both Arabidopsis thaliana and rice shows light-regulated differential expression during seedling development. Many of the early light-responsive genes are transcription factors.

                
	
                  Organ-specific expression profiles are observed, indicating that different transcriptional networks are recruited in different organs and cell types.

                
	
                  The integration of light signals with intrinsic signals (such as those from the circadian clock) and other environmental signals (such as temperature) is evident through research on photoperiod response and seed germination. The photoperiod response also regulates other light-controlled processes.

                
	
                  Future research will focus on identifying the direct targets of the many light-responsive transcription factors, exploring the molecular basis of organ specificity, and expanding studies on the integration of light responses with other inputs.

                


              

Abstract
Plants have evolved complex and sophisticated transcriptional networks that mediate developmental changes in response to light. These light-regulated processes include seedling photomorphogenesis, seed germination and the shade-avoidance and photoperiod responses. Understanding the components and hierarchical structure of the transcriptional networks that are activated during these processes has long been of great interest to plant scientists. Traditional genetic and molecular approaches have proved powerful in identifying key regulatory factors and their positions within these networks. Recent genomic studies have further revealed that light induces massive reprogramming of the plant transcriptome, and that the early light-responsive genes are enriched in transcription factors. These combined approaches provide new insights into light-regulated transcriptional networks.
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                    Figure 1: General mechanisms of transcription factor regulation by light.[image: ]


Figure 2: Transcriptional networks for seedling photomorphogenesis.[image: ]


Figure 3: Light-responsive promoters.[image: ]


Figure 4: A model for the light and temperature control of seed germination.[image: ]


Figure 5: Transcriptional networks involved in the shade-avoidance response.[image: ]


Figure 6: The photoperiod response in Arabidopsis thaliana.[image: ]
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Glossary
	Phototropism
	
                  Directional plant growth that is determined by the direction of the light source.

                
	Gravitropism
	
                  A growth movement in response to gravity.

                
	Chromophore
	
                  The part of a molecule that absorbs specific wavelengths of light and is responsible for its colour.

                
	Proplastid
	
                  Precursors of plastids, which are plant organelles that include chloroplasts.

                
	Etioplast
	
                  An immature chloroplast that has not been exposed to light.

                
	Ubiquitin E3 ligase
	
                  Enzymes that covalently attach ubiquitin to a lysine residue on a target protein.

                
	26S proteasome
	
                  A large, ATP-dependent, multicatalytic protease, which degrades ubiquitylated proteins to short peptides.

                
	Hypocotyl
	
                  The part of the stem of a young seedling that is situated underneath the cotyledon (the seed leaves) and above the root.

                
	Apical zone
	
                  The apical part of a seedling that includes the apical hook and the cotyledon.

                
	Hook opening
	
                  The unbending of the apical hook during seedling photomorphogenesis.

                
	Chromatin immunoprecipitation
	
                  A technique that is used to determine whether a particular protein, for example, a transcription factor, can bind to a specific region on a chromatin in vivo.

                
	Nuclear matrix
	
                  The network of fibres found throughout the inside of a cell nucleus.

                
	Histone acetyltransferase
	
                  A type of enzyme that acetylates conserved lysine amino acids on histones by transferring an acetyl group from acetyl CoA to lysine to form Îµ-N-acetyl lysine.

                
	Histone deacetylase
	
                  A type of enzyme that removes an acetyl group from histones, which usually allows histones to bind DNA and inhibit gene transcription.

                
	Gibberellic acid
	
                  A phytohormone involved in promoting stem elongation, seed germination, mobilization of food reserves in seeds and other processes.

                
	Cold stratification
	
                  A dormancy-breaking process of treating seeds with a period of moist cold, which a seed must endure before germination.

                
	Fluence rate
	
                  The light irradiance that is incident from all angles onto a small region of space.

                
	Subjective day
	
                  An artificially defined daytime in circadian experiments.

                
	Thermocycles
	
                  Alternating warm and cool conditions.

                
	ChIP-on-chip approach
	
                  A method that combines chromatin immunoprecipitation with microarray technology to identify in vivo targets of a transcription factor.
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